We use HIV patient care quality and coordination indicators from electronic data systems to describe care delivery in six RWP demonstration sites and describe HIE interventions designed to enhance that care.
Introduction
During the past 30 years, dramatic progress has been made in the reduction of morbidity and mortality associated with HIV [1] . However, considerable deficiencies remain in the public and private health systems that have been developed to identify HIV-infected individuals, engage and retain them in care and improve the quality and effectiveness of care and abnormalities). Additionally, this care must address the psychosocial factors which impact patients' ability to engage and remain in care [3] . Recently, policy makers, clinicians and researchers have emphasized the importance of expanding the continuum of care for people with HIV to include not only primary HIV care and support services, but also linkage, engagement and retention in HIV care [4, 5] . Previous research has identified many barriers to optimal linkage, engagement and retention in care [6] [7] [8] [9] [10] [11] [12] [13] . These include structural barriers (e.g., housing, location of clinic and competing subsistence needs such as housing, food and transportation) [14] [15] [16] , financial barriers (e.g., cost of services, lack of insurance) [17, 18] , personal and cultural barriers (e.g., attitudes and beliefs, racism, language, sexism, and homophobia) [19, 20] , co-morbidities such as mental illness and substance abuse [21, 22] , stigma, fear of confidentiality violations [23, 24] and healthcare provider attitudes [25] .
The Ryan White Care Program (RWP) was developed to address these barriers and associated deficiencies in HIVrelated healthcare through the funding of quality HIV care and treatment for those who cannot afford it, provision of support services (e.g. transportation and housing) for those who experience challenges and/or obstacles in entering and remaining in care, and coordination of care (e.g. medical case management) for those who have co-occurring conditions that impact the effectiveness of HIV care [26, 27] . Previous research in RWP-funded health clinics suggests receipt of care and support services in RWP-funded health clinics are associated with better engagement in care, retention in care and patient health outcomes [28] [29] [30] [31] [32] . However, these same findings also indicate that the improved engagement, retention and health outcomes are not yet at levels that would be considered ideal [30] . For example, only 45% of patients in RWP-funded clients reported any primary HIV care visits in the past year [28] . Among those in care, 61-74% were on recommended antiretroviral therapy [33] .
Recent literature, as well as the National HIV/AIDS Strategy, has suggested that both individual and system-level interventions have the potential to improve linkage and retention in care and the quality of HIV care and support services [3, 5, 34] . These include case management, patient navigators, integration of care and support services and use of electronic health information to facilitate and coordinate care and services. For example, Mugavero et al. demonstrated that receipt of case management prior to an initial visit with a provider can improve linkage to care for newly identified HIV-infected individuals [5] . Several demonstration projects, funded under an initiative from the US Health Resources and Services Administration's (HRSA) Special Projects of National Significance (SPNS) demonstrated that case management and patient navigators can improve engagement in care, retention in care, adherence to care and treatment for at-risk HIV-infected individuals [28, 30] . Integration of HIV primary care, specialty care and support services, as occurs within the Veterans Administration and Kaiser Permanente, has been shown to improve the quality of care across the entire continuum of care for people with HIV [34] [35] [36] .
To date, few studies have explored to what extent sharing patient information across geographically disparate HIV surveillance, primary care and support service organizations can enhance linkage to care, retention and adherence to care and treatment, the quality of core and support services, as well as health outcomes for people with HIV. Health information exchange (HIE) is the process of electronic multi-directional transfer of identifiable, patient-level information between different organizations. HIE has been previously implemented in the context of other diseases to link public health surveillance programs to primary care services; laboratory and pharmacies to primary care; and primary and specialty care [37] [38] [39] [40] [41] .
HIE interventions have the potential to close many of the gaps that lead to sub-optimal care for people with HIV. For example, if we share information between surveillance systems and primary HIV care, we can identify individuals with delayed entry or incomplete engagement in care. If we share information between laboratory and primary care settings, we can improve receipt of appropriate laboratory testing and reduce redundant testing. If we share information between primary HIV care and support services, we can enhance coordination of care.
To test the potential of HIEs for supporting better coordinated care in RWP settings, HRSA initiated a SPNS initiative within which six demonstration projects were funded to initiate bi-directional HIE which would enhance linkage to care, quality of HIV care and support services and enhance access to information and coordination of comprehensive care for people with HIV. This paper presents baseline information on patient characteristics and the quality of comprehensive HIV care within the six demonstration sites in the initiative in order to understand the clinical environment in which HIEs can be deployed. We also describe the HIE interventions proposed by each site to address deficiencies in linkage and retention in care, quality of care and access to information to enhance coordination of care. The results of this paper will help define the range of settings and data systems within, which HIE interventions can be implemented to improve comprehensive HIV care for people with HIV. 
Methods

Description of the initiative
Qualitative data collection
Information on proposed HIE interventions was collected through interactions with the demonstration sites and through presentations made during semi-annual grantee meetings.
Measures
Each agency funded by the RWP is required to submit standardized data for each client to HRSA on an annual basis. This report is known as the Ryan White Services Report (RSR). The data elements used for this evaluation followed the specifications of this report (http://hab.hrsa.gov/manageyourgrant/clientleveldata.html), although data were submitted for the previous six months, rather than the required 12 month period to facilitate evaluation of the HIE interventions. The present analyses utilized the following subset of RSR data elements:
Patient characteristics
The patient sample was described using age, gender, ethnicity, race, socio-economic status (as measured by the annual household income as a percent of the federal poverty level), risk behavior for HIV infection (transmission category), housing status and type of health insurance.
HIV-related health status
For new patients was, HIV-related health status characterized by their median CD4 count at first test. New patients were those who utilized HIV care at the reporting clinic for the first time during the reporting period. For all patients, HIVrelated health status was characterized by the presence of CDC-defined AIDS and median CD4 cell count at last test.
Engagement in HIV care
Since the data were drawn exclusively from HIV care clinics, the entire sample was considered to be linked into HIV care. Retention in HIV care was defined as at least one outpatient/ambulatory care visit or at least one laboratory test -CD4 or viral load -during the six-month reporting period.
The need for antiretroviral therapy was defined as a nadir CD4 count of ≤350 cells/L or an AIDS diagnosis or being on antiretroviral therapy. Similar definitions have been used in previous research and this definition corresponds to clinical practice guidelines in place during the study period [1, 9] . The percentage of patients who were prescribed antiretroviral therapy in the reporting period was calculated. A viral load at last test of less than 75 copies/ML was considered as undetectable.
Utilization of non HIV-related health care services
This was assessed using the following:
-screening for tuberculosis, hepatitis B and hepatitis C at least once since the time of HIV diagnosis; -screening for syphilis, chlamydia and gonorrhea in the sixmonth reporting period; -screening for alcohol and drug use, oral health and mental health in the six-month reporting period; and -completion of vaccinations for hepatitis A, hepatitis B, pneumonia (in the past five years) and influenza (in the past year).
Support services
Support services whose utilization was measured for the six-month reporting period included non-medical case management, treatment adherence counseling, health education/risk reduction, psychosocial support, transportation, outreach, referral for health care/supportive services, housing assistance, emergency financial assistance and food bank or home-delivered meals.
Availability of information to coordinate care and services
The extent of availability of referrals-related data in each of the sites' exchange networks was evaluated. The specific types of data considered were the referrals made and the referrals fulfilled from the primary HIV care provider to other providers (outpatient specialty care, pharmacy, case manager, substance use treatment, mental health provider and others) -as well as the referrals made and those fulfilled from these other providers to the HIV primary care provider.
Analyses
Quantitative analysis
The demonstration sites provided samples of varying sizes exceeding the minimum requirement of 100 records. We present sample characteristics within each demonstration site using descriptive statistics. To prevent the undue influence of data from sites with higher numbers of records, we weighted the data from each site based on sample size [weight assigned to a given site = 100/(number of data records from that site)]. These weighted data were used to describe overall sample characteristics, engagement in care, and the utilization of core and support services by the patients. We conducted sensitivity analysis to assess the potential effect of differing patient populations on the quality and continuity of care within each site. For these analyses, data for each site were weighted such that the distribution of patient characteristics resembled the overall patient characteristics for all sites. These analyses employed inverse probability weighting [42, 43] . Final weights for the sensitivity analysis include weighting for both varying sample size and distribution of patient characteristics.
Qualitative analysis
We summarize information about the existing data systems and the proposed HIE interventions in tabular form. We describe proposed HIE intervention which target linkage and retention in HIV care, quality of primary HIV care and support services and increased access to information and coordination of care.
Results
Sample characteristics
The sample characteristics for each site are presented in Table 1 . Overall, the sample was demographically diverse and patient characteristics varied by site. Most patients were African American/Black (56%) or Caucasian/White (38%), while 25% were Hispanic/Latino. Women made up approximately 40% of the sample and the average patient age was 45 years. The most frequently reported risk factor for HIV was heterosexual contact (38%) followed by MSM (21%). While 36% were at or below the federal poverty level, almost two-thirds (65%) had stable housing. Including Medicaid (42%), a total of 58% of the patients had public health insurance whereas 12% had no insurance in the reporting period. Of the 106 new patients in the sample, CD4 data was available for 84 patients and their median CD4 count at first test was 334 cells/L. A little over half the sample (54%) had CDC-defined AIDS. At the last test in the reporting period, the median CD4 count was 451 and 52% had an undetectable HIV viral load. Roughly 9% of the sample had neither an outpatient/ambulatory care visit nor laboratory tests done in the reporting period.
Engagement in HIV primary care
Fig . 1 shows the percentage of patients at different stages of engagement in HIV care based on information collected in the preceding six months. Ninety one percent (range across sites 63-99%) were retained in HIV care. Ninety five percent (range 87-97%) were found to be in need of antiretroviral therapy while 79% (range 54-91%) had been prescribed antiretroviral therapy in the reporting period, and HIV viral load was undetectable in 52% (range 16-85%) of the patients. Results were similar when we weighted data to adjust for differences in patient characteristics across sites: 94% were retained in care (range 63-99%); 94% needed ART (range 92-100%); 80% had been prescribed ART (range 54-91%) and 47% had undetectable HIV viral load (range 3-74%).
Utilization of non HIV-related primary care
Patients' receipt of non HIV-related care is summarized in Table 2 . A majority of patients (between 63% and 74%) had been screened for each of tuberculosis, hepatitis B and hepatitis C since their HIV diagnosis. However screening for STDs in the past six months was lower with 43% having been screened for syphilis and only roughly 17% and 19% been screened for chlamydia and gonorrhea, respectively. Furthermore, in the same period, a quarter of the patients had been screened for alcohol and drug use and a third received mental health screening. Less than 20% of patients had completed their hepatitis A and/or B vaccines, 47% had the pneumonia vaccination in the past five years and 57% had an influenza vaccine in the past year.
Utilization of support services
There was low documented utilization of support services by patients (Table 2) . Less than a quarter of the patients were reported to have received non-medical case management and health education/risk reduction services; 31% received treatment adherence counseling. Outreach services and referral for heath care/supportive services was utilized by 33% each, psychosocial support services by 21% and transportation services by 14%. Less than 3% used food bank or home-delivered meals, emergency financial assistance and housing services.
Availability of information to coordinate care and services
While sites usually had complete records related to the utilization of HIV-related and non-HIV-related primary care within their existing data systems, few sites were able to track referrals from HIV primary care to outside specialty care or support services. Only two demonstration sites had information on referrals made to HIV specialty care and support services. However, these sites did not have information on whether patients received these services. Two other demonstration sites had information on specialty care and support services provided. However, these sites did not have information about whether this care was needed or the result of a referral from primary HIV care. None of the demonstration sites had any data in their existing data systems about referrals into HIV primary care from other providers. 
Proposed HIE interventions
Each of the six demonstration sites proposed one or more HIE interventions in order to increase patient linkage and retention in care, the quality of primary HIV care and support service and/or access to information to improve coordination of care. These interventions are summarized in Table 3 and described below.
HIE to increase linkage and retention in HIV care
Two sites proposed HIE interventions, which employed data from surveillance and other systems to engage HIV-infected individuals in care. Site 1 proposed to use information from surveillance systems and electronic medical records within the public health system to create a list of individuals who had been identified as HIV-infected but were not currently in HIV primary care (had not ever received a CD4 or viral load test or had not received one in at least the past year). When individuals on this list present for care at an emergency room within the public health system, the provider is sent an alert that this person is HIV-infected and not receiving HIV primary care. The provider is also sent a list of tailored instructions for next steps to take with each person. Site 2 proposed to use surveillance data to notify providers when an individual tests positive for HIV. In addition, Site 2 proposed to supplement this notification by creating an alert within its web-based electronic medical record which notifies case managers if a patient does not enter care within two weeks of receiving their test results.
HIE to increase quality of primary HIV care and support services
Three sites proposed HIE interventions to increase the quality and efficiency of HIV primary care and support services. Sites 2 and 3 propose to employ quality improvement methods to encourage providers to address specific health concerns (e.g. out of range laboratory values) or needed services (e.g. screening and vaccination). Site 2 will send reminders, which a For measures that were reported by a subset of the sites, the presented statistics are based on the data from those sites alone. 
need to be addressed to each site/provider on a regular basis. The provider can then explore the global summary of alerts to identify the patient associated with each alert within the web-based electronic medical record. Site 3 will generate a patient summary within each person's electronic medical record, which will indicate specific health concerns or needed services for that individual. Site 4 proposed to implement electronic prescribing and electronic processing of laboratory test orders in order to increase the quality and efficiency of HIV primary care.
HIE to increase access to information and coordination of care
Four sites proposed HIE interventions to increase access to information for support service providers and patients. Site 2 proposed to provide access for all service providers to information on all patient services by implementing a web-based electronic medical record system. Site 5 proposed to export data from an existing electronic medical record system into an external electronic medical record system which could then be accessed by primary, as well as, support service providers. Sites 3 and 6 proposed to generate patient summaries, which would then be accessible to providers (both sites) and/or patient (site 6).
Discussion
The quality of HIV care within the six demonstration sites exceeds that of previously published estimates. Previous reviews of engagement in HIV care within the United States suggest that among HIV-infected individuals linked to care, 67% are retained in care, 53% need antiretroviral therapy, 40% are on antiretroviral therapy and 32% have achieved undetectable viral load [2] . In contrast, among patients in the present sample, 91% are retained in care, 95% need antiretroviral therapy, 79% are on antiretroviral therapy and 52% have achieved undetectable viral load. We observed substantial variation in the quality of HIV care across the demonstration sites. In one site, retention in care, prescription of antiretroviral therapy and achievement of undetectable viral load was similar to or lower than previously published estimates. This variation is likely due to differences across sites in patient populations, stage of illness and social isolation which all impact the degree of engagement in care [31, 44] . This variation may also be due to limitations in the provision of needed support services to enhance engagement and retention in care, limitations in the provision of non-HIV related health services to prevent co-occurring conditions or a lack of information needed to coordinate care and services. Each of these impact patients' ability to engage in care and reduces the effectiveness of HIV care and treatment [2, 26, 44] . Previous research suggests that between one-fifth and onethird of people with HIV have an unmet need for support services [30] . If patients in lower performing sites have higher needs for support services and specialty care, then the gaps in the engagement in care continuum may be greater than in other sites even though the quality of care is similar.
HIE interventions can play a crucial role in facilitating the sharing of information among providers across the continuum of HIV care, which in turn can help close each of these gaps [28] [29] [30] [31] [32] . For instance, in settings where patients do not engage or remain in HIV care, it is possible to use coordinated information technology systems to identify out-of-care patients when they utilize any type of care (e.g. emergency room visits). Similarly, in settings where patients do not receive optimal care (e.g. antiretroviral therapy, routine screening and vaccination), information technology can be used to facilitate continuous quality improvement activities. In settings where patients have unmet needs for services outside of primary care, HIE can be used to link primary care providers with laboratories, pharmacies, support service providers and specialty care thereby creating a closed loop of information exchange that prevents those in most need of care from falling through the cracks. Each of these types of interventions was implemented by one or more demonstration sites in this initiative. The results from these projects are described in this issue.
The present results should be interpreted in the context of certain limitations. First, since patients were sampled from care sites, the sample is more likely to include individuals retained in care. However, in a previous review, among patients retained in care, 80% needed antiretroviral therapy, 60% were on antiretroviral therapy, and 48% had achieved undetectable viral load [2] . Given these estimates, engagement in care among the six demonstration sites still exceeds that found in previously published reviews. Second, since all data are taken from patients medical records, we do not know whether gaps in reported services are due to deficiencies in care or lack of documentation of care provided. However, since documentation of care provided is required to ensure coordination of efficient care, inclusion of only documented care is valid in this setting. Third, the six SPNS demonstration sites may not represent the broader population of RWP-funded health settings, which may limit the generalizability of these results. Sites that are able to implement HIEs are likely to have more established relationships with support service and/or specialty care providers.
Conclusion
Linkage to care, retention in care, appropriate use of antiretroviral therapy and viral suppression are key components of comprehensive HIV care and prevention. However, there are many systemic and individual barriers which limit the provision of comprehensive HIV care for all people with HIV. We believe that HIE can play an integral role in bringing together the fragments of our health system to improve health outcomes for people with HIV as well as those at risk for HIV.
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Summary points
What was already known on the topic?
• Engagement and retention in HIV care in the U.S. is sub-optimal.
• The Ryan White Care Program was developed to facilitate engagement and retention in comprehensive, multidisciplinary care for people with HIV.
• Health information exchange has potential to improve coordination of comprehensive primary care, specialty care and support services for people with HIV.
What this study added to our knowledge?
• Engagement in HIV care and treatment within the Ryan White funded demonstration sites exceeded previously published estimates.
• However, there was much variation across sites and many gaps in the documented provision of specific services and referrals.
• Health information exchange of surveillance, primary care, laboratory, pharmacy and/or support service data may facilitate linkage to care and improve the quality and coordination of comprehensive care for people with HIV.
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